JC17ReD'dPGT/PT0 2 1 JUN 901 



U.S. DEPARTMENT OF COMMERCE PATENT AND TRADEMARK OFFICE 

(REV 11-2000) ■ 

TRANSMITTAL LETTER TO THE UNTTED STATES 



ATTORNEY'S DOCKET NUMBER 

MOR-C077 



DESIGNATED/ELECTEEi OFFICE (DO/EO/US) 
CONCERNING A FILING UNDER 35 U.S.C. 371 



U.S. APPLICATION NO. (IF KNOWN, SEE 37 CFR 



INTERNATIONAL APPLICATION NO^ 



PCT/.TP00/07230 



lATIONAL FILING DATE 
18 OCT 2000 



PRIORITY DATE CLAIMED 
22 OCT 1999 



TITLE OF INVENTION 

OPTICAL ATTENUATOR I , 



APPLICANT(S) FOR DO/BO/US 
Masaru WATANABE, Eiji MA' 
Toyomitsu YAMAMOTO 



tAkiyoshi NARUSE, Yuichi MURAKAMI, Kenichi MUTA and 



Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following items and other information: 
S This is a FIRST submission of items concerning a filing under 35 U.S.C. 371. 
□ laiis is a SECOND or SUBSEQUENT submission of items concerning a filing under 35 U.S .C. 37 1 . 
gl This is an express request to begin national examination procedures (35 U.S.C. 371(f)). The submission must include ite 
(9) and (24) indicated below. 

The US has been elected by the expiration of 19 months from the priority date (Article 31). 
A copy of the International Application as filed (35 U.S.C. 371 (c) (2)) 

a. □ is attached hereto (required only if not communicated by the International Bureau). 

b. Kl has been communicated by the International Bureau. 

c. □ is not required, as the application was filed in the United States Receiving Office (RO/US). 
6. An English language translation of the International Application as filed (35 U.S.C. 371(c)(2)). 

a. S is attached hereto. 

b. □ has been previously submitted under 35 U.S.C. 154^)(4). 

Amendments to the claims of the International Application under PCX Article 19 (35 U.S.C. 371 (c)(3)) 

a. □ are attached hereto (required only if not communicated by the International Bureau). 

b. □ have been communicated by the International Bureau. 

c. □ have not been made; however, the time limit for making such amendments has NOT expired. 

d. □ have not been made and will not be made. 

An English language translation of the amendments to the claims under PCX Article 19 (35 U.S.C. 371(c)(3)). 
An oath or declaration of the inventor(s) (35 U.S.C. 371 (c)(4)). 

An Enghsh language translation of the annexes of the International Preliminary Examination Report under PCX 
Article 36 (35 U.S.C. 371 (c)(5)). 



2. 


□ 


3. 




4. 


□ 


5. 








6. 





8. 




9. 


Ik 


10. 


□ 


11. 


□ 


12. 


□ 


Items 


13. 


□ 


14. 




15. 


□ 


16. 


□ 


17. 


□ 


18. 


□ 


19. 


□ 


20. 


□ 


21. 


□ 


22. 


□ 


23. 





An Information Disclosure Statement under 37 CFR 1.97 and 1.98. 
An assignment document for recording. A separate cover sheet in co 
A FIRST preliminary amendment. 

A SECOND or SUBSEQUENT preliminary amendment. 



(ipliance with 37 CFR 3.28 and 3.31 is included. 



A change of power of attorney and/or address letter. 

A computer-readable form of the sequence listing in accordance with PCX Rule 13ter.2 and 35 U.S.C. 1.821 - 1.825. 
A second copy of the published international apphcation under 35 U.S.C. 154(d)(4). 

A second copy of the English language translation of the international apphcation under 35 U.S.C. 154(d)(4). 
Certificate of Mailing by Express Mail 
Other items or information: 
FormPCT/IB/308 



Page 1 of 2 



PCTUSI/REV' 



531 Rec'd PCir^' 21JUN2001 



INTERNATIONAL APPUCATION NO. 

PCT/JPOO/07230 



ATTORNEY'S DOCKET NUMBER 

MOR-C077 



The following fees are submitted:. ' 
BASIC NATIONAL FEE ( 37 CFR 1.492 (a) (1) - (5)) : 

□ Neither international preliminary examination fee (37 CFR 1.482) nor 
international search fee (37 CFR 1.445(a)(2)) paid to USPTO 
and International Search Report not prepared by the EPO or JPO 



International preliminary examination fee (37 CFR 1.482) not paid to 

USPTO but International Search Report prepared by the EPO or JPO 

International prehminary examination fee (37 CFR 1.482) not paid to USPTO 

but international search fee (37 CFR 1.445(a)(2)) paid to USPTO 

International preliminary examination fee (37 CFR 1.482) paid to USPTO 
but all claims did not satisfy provisions of PCT Article 33(l)-(4) 



$1000.00 
$860.00 
$710.00 
$690.00 



International prehminary examination fee (37 CFR 1.482) paid to USPTO 
and all claims satisfied provisions of PCT Article 33(l)-(4) 



$100.00 



ENTER APPROPRIATE BASIC FEE AMOUNT = 



CALCULATIONS PTO USE ONLY 



Surcharge of $130.00 for furnishing the oath or declaration later than 
months from the earliest claimed priority date (37 CFR 1.492 (e)). 



NUMBER FILED 



NUMBER EXTRA 



$0.00 



Independent claims 



3 = 



$160.00 



Multiple Dependent Claims (check if applicable). 



TOTAL OF ABOVE CALCULATIONS 



$1,020.00 



□ Applicant claims small entity status. (See 37 CFR 1.27). The fees indicated above are 
reduced by 1/2. 



SUBTOTAL 



$1,020.00 



Processmg fee of $130.00 for furnishing the English translation later than 
months firom the earliest claimed priority date (37 CFR 1.492 (f)). 



$0.00 



TOTAL NATIONAL FEE 



$1,020.00 



for recording the enclosed assignment (37 CFR 1.21(h)). The assignment must be 
accompanied by an appropriate cover sheet (37 CFR 3.28, 3.31) (check if applicable). 



$40.00 



TOTAL FEES ENCLOSED = 



$1,060.00 



A check in the amount of _ 
Please charge my Deposit Account No. _ 



;r the above fees is enclosed. 
in the amount of 



:r the above fees. 



A duplicate copy of this sheet is enclosed. 
The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any overpayment 
to Deposit Account No. 12-2174 A duplicate copy of this sheet is enclosed. 

Fees are to be charged to a credit card. WARNING: Information on this form may become pubhc. Credit card/ 
information should not be included on this form. Provide credit card information and authorization on PTO-J 



NOTE: Where ai 
1.137(a) or (b)) m 



r 37 CFR 1.494 or 1.495 has not been 
; fded and granted to restore the application to pending status. 



SEND ALL CORRESPONDENCE TO: 

George A. Loud 
LORUSSO & LOUD 
3137 Mount Vernon Avenue 
Alexandria, VA 22305 
(703) 739-9393 





''I 868766 

21JUN2001 



i 



SStRec'd 



DESCRIPTION 




TECHNICAL FIELD 



The present invention relates to an optical attenuator and 
more specifically to an optical attenuator used for attenuating 
optical signals by a certain degree in the fields of optical 
communications, optical measurements, CATV system and the like. 



Hitherto, an optical attenuator comprising an optical fiber 
containing a certain optical attenuating dopant member has been 
widely known in general. 

However, because the dopant member contained in this 
optical attenuator has a transmitted light attenuating 
characteristic that the attenuance varies depending on the 
wavelength of optical signal, i.e., it has a wavelength 
dependency, there has been known an optical attenuator which has 
lessened the wavelength dependency by obtaining almost the equal 
attenuance by adjusting a mode field diameter of an optical fiber 
and by limiting a dopant area with respect to the mode field 
diameter in order to obtain almost the equal attenuance in 
inputting optical signals of two different wavelengths of 1.3 
pm {short wavelength) and 1 . 5 pm (long wavelength) for instance 



BACKGROUND OF THE INVENTION 
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(Japanese Patent Laid-Open Nos. Hei. 8-136736 and Hei . 8- 
136737) . 

With the recent diversification of optical communications, 
it has come to be required to realize an optical attenuator for 
obtaining the equal optical attenuance (eliminating the 
wavelength dependency) even in a narrow wavelength range of 1300 
mm + 50 nm or 1550 ± 50 nm for instance or an optical attenuator 
whose wavelength dependency of the optical attenuance is 
increased even more in contrary when optical signals of two 
different wavelengths of 1.3 i^ra (short wavelength) and 1 . 5 
(long wavelength) are inputted. 

However, although the optical attenuators disclosed in 
Japanese Patent Laid-Open Nos. Hei. 8-136736 and Hei. 8-136737 
are effective because they allow almost the equal attenuance to 
be obtained when optical signals of two different wavelengths 
of 1.3 jim (short wavelength) and 1 . 5 pm (long wavelength) whose 
wavelengths are separated are inputted, they have had a problem 
that it is unable to obtain the equal optical attenuance 
(wavelength dependency is large) just by limiting the dopant area 
or by adjusting the mode field diameter when the difference of 
the wavelengths is small. 

Meanwhile, when the optical signals of two different 
wavelengths of the short and long wavelengths are inputted, it 
is theoretically possible to realize the increase of the 
wavelength dependency of the optical attenuance even more by 
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containing dopant which attenuates the optical signals more when 
the wavelength of the optical signals is short so that it shows 
high concentration at part close to the axial core when the mode 
field is seen from the transverse section of the optical fiber 
or by containing dopant which attenuates the optical signals more 
when the wavelength of the optical signals is long so that it 
shows high concentration at a part close to the outer periphery 
when the mode field is seen from the transverse section of the 
optical fiber in the optical attenuator disclosed in Japanese 
Patent Laid-Open No. Hei. 8-136736. 

It is also possible to theoretically realize the one in 
Japanese patent Laid-Open No. Hei. 8-136737 by reversing the 
combination of the wavelength characteristics of the mode field 
diameter and the wavelength characteristics of the dopant 
member . 

However, although the difference between the short 
wavelength and the long wavelength becomes large by raising the 
dopant concentration and by limiting the doping area to a narrow 
range with respect to the mode field diameter, there has been 
a difficult problem that because the doping concentration of the 
dopant member which can be contained in the optical fiber is 
limited, it is unable to create a product whose characteristics 
are stable as an optical fiber when the concentration is too high 
and it is unable to technologically create ones whose doping area 
is very narrow. 
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The invention has been devised in view of such difficult 
problem and its object is firstly to provide an optical attenuator 
which can equalize optical attenuance of optical signals having 
different wavelengths which are very close and is secondly to 
provide an optical attenuator which can maximize the difference 
of optical attenuance of the optical signals having different 
wavelengths in the state in which each characteristic of the 
optical fiber is stable and the dopant concentration and doping 
area range are realistic by arranging the optical attenuator 
whose doping range may be realized while suppressing the dopant 
concentration relatively low. 



DISCLOSURE OF THE INVENTION 

In order to achieve the above-mentioned objects, an 
inventive optical attenuator is constructed so that the 
refractive index at the center part of a core of a single mode 
optical fiber is increased as compared to that of the peripheral 
part of the core. 

In this case, the wavelength dependency of the attenuance 
of transmitted light caused by the size of the mode field diameter 
is increased by adopting one selected from a group containing 
a graded-index type (the refractive index rises continuously 
from the peripheral part to the center part), parabolic shape, 
triangular wave shape, sguare wave shape and trapezoidal wave 
shape as the distribution of refractive index of the core. 
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By constructing the optical attenuator as described above, 
it is possible to widen the limited width of the dopant area for 
obtaining the required attenuating characteristics as much as 
possible and to suppress the concentration low utmost. 

An inventive optical attenuator contains dopant which 
attenuates transmitted light more when its wavelength is longer 
in a signal mode optical fiber and is constructed so that the 
dopant area is limited to the center part of the core and so that 
the refractive index at the center part of the core is raised 
as compared to that of the peripheral part of the core. 

In this case, the wavelength dependency of the attenuance 
of transmitted light caused by the size of the mode field diameter 
is increased by adopting one selected from a group containing 
a graded-index type, parabolic shape, triangular wave shape, 
square wave shape and trapezoidal wave shape as the distribution 
of refractive index of the dopant area. 

By constructing the optical attenuator as described above, 
it is possible to obtain the equal attenuance when two kinds of 
optical signals having different wavelengths which are short and 
whose difference is small (1300 nm ± 50 nm) are inputted. 

An inventive optical attenuator contains dopant which 
attenuates transmitted light more when its wavelength is shorter 
in a signal mode optical fiber and is constructed so that the 
dopant area is limited to the peripheral part of the core and 
so that the refractive index at the center part of the core 
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containing no dopant is raised as compared to that of the 
peripheral part of the core. 

In this case, the wavelength dependency of the attenuance 
of transmitted light caused by the size of the mode field diameter 
is increased by adopting one selected from a group containing 
a graded-index type, parabolic shape, triangular wave shape, 
square wave shape and trapezoidal wave shape as the refractive 
index profile at the center part of the core where no dopant is 
contained. 

By constructing the optical attenuator as described above, 
it is possible to obtain the equal attenuance when two kinds of 
optical signals having different wavelengths which are long and 
whose difference is small {1550 nm ± 50 nm) are inputted. 

An inventive optical attenuator contains dopant which 
attenuates transmitted light more when its wavelength is shorter 
in a signal mode optical fiber and is constructed so that the 
dopant area is limited to the center part of the core and so that 
the refractive index at the center part of the core containing 
no dopant is raised as compared to that of the peripheral part 
of the core. 

In this case, the wavelength dependency of the attenuance 
of transmitted light caused by the size of the mode field diameter 
is increased by adopting one selected from a group containing 
a graded-index type, parabolic shape, triangular wave shape, 
square wave shape and trapezoidal wave shape as the distribution 
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of refractive index of the center part of the core containing 
no dopant . 

By constructing the optical attenuator as described above, 
it is possible to obtain optical signals of two different 
wavelengths whose difference of attenuance of transmitted light 
caused by the difference of the wavelengths is maximized. 

An inventive optical attenuator contains dopant which 
attenuates transmitted light more when its wavelength is longer 
in a signal mode optical fiber and is constructed so that the 
dopant area is limited to the peripheral part of the core and 
so that the graded-index type is adopted as the refractive index 
of the dopant area to increase the wavelength dependency of 
attenuance of transmitted light caused by the size of the mode 
field diameter. 

An inventive optical attenuator is constructed so that the 
refractive index at the center part of the core is raised as 
compared to that of the peripheral part of the core by containing 
dopant whose transmitted light attenuating characteristics 
depends on the wavelength of optical signal in the optical fiber 
so that the dopant concentration of the dopant area of a single 
mode optical fiber is distributed non-unif ormly by seeing a mode 
field which substantially contributes to the transmission of 
optical signals in the radial direction in the transverse section 
of the optical fiber. 

In this case, the wavelength dependency of the attenuance 
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of transmitted light caused by the size of the mode field diameter 
is increased by adopting one selected from a group containing 
a graded-index type, parabolic shape, triangular wave shape, 
square wave shape and trapezoidal wave shape as the distribution 
of refractive index of the dopant area. 

By constructing the optical attenuator as described above, 
it is possible to obtain the required attenuating 
characteristics even when the dopant area and the dopant 
concentration are suppressed low. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows the structure of one embodiment of an inventive 
optical attenuator, wherein the upper part of the figure shows 
an end face of the optical attenuator and the lower part shows 
a refractive index profile seen from the side thereof. 

FIG. 2 shows the state of use in which the inventive optical 
attenuator is disposed at the center of ferrule. 

FIGs . 3a and 3b are graphs showing the relationship between 
wavelength and loss by using various dopants as parameters. 

FIG. 4 is a graph showing the optical signal power 
distribution within the inventive optical attenuator. 

FIG. 5 is a graph showing the relationship between the ratio 
of difference of refractive index A1/A2, whereAl is the 
difference between the maximum refractive index around the axial 
core of the core and the refractive index around the clad part 
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in the inventive optical attenuator and A2 is the difference 
between the maximum refractive index around the outer periphery 
of the core and the refractive index of the clad part, and the 
difference of loss at 1.50 pm and 1.60 pm. 

FIG. 6 is a graph showing the attenuance with respect to 
wavelength when cobalt Co is doped at the center part of the core 
of the inventive optical attenuator. 

FIG. 7 shows the structure of another embodiment of the 
inventive optical attenuator, wherein the upper part of the 
figure shows an end face of the optical attenuator and the lower 
part shows the refractive index profile seen from the side 
thereof . 

FIG. 8 is a graph showing the attenuance with respect to 
wavelength when samarium Sm is doped in the whole core and when 
samarium Sm is doped only in the axial core. 

FIG. 9 is a graph showing the attenuance with respect to 
wavelength when cobalt Co is doped in the whole core and when 
cobalt Co is doped only in the outer periphery of the core. 



BRIEF DESCRIPTION OF REFERENCE NUMERALS 

5, 5' Single Mode Optical Fiber 

6, 6' Core 

5a, 6a' Center Part of Core (Center Core) 

(Part close to axial core in center area) 
6b, 6b' Outer Periphery of Core (Outer Core) 
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(Part close to outer periphery of core) 
Dopant Area 
Mode Field 

BEST MODE FOR CARRYING OUT THE INVENTION 
Preferred embodiments of an inventive optical attenuator 
will be explained below in accordance to the drawings. 

FIG. 1 is a section view showing the structure of the 
inventive optical attenuator, wherein the upper part of the 
figure shows an end face of the optical attenuator and the lower 
part shows a refractive index profile seen from the side thereof. 
This optical fiber 5 is used by disposing at the center of a 
ferrule 2 by a method as shown in FIG. 2 for example. That is, 
it is used so that it receives an optical signal from one end 
thereof and it outputs from the other end after attenuating the 
optical signal by a certain degree. Dopant for attenuating the 
optical signal is doped in the optical fiber 5 to that end. 

Here, a graded-index type (its refractive index increases 
continuously from the outer peripheral part to the center part) 
is adopted as a refractive index profile at the part 6a (center 
core) close to the axial core of the core 6 of the inventive 
optical attenuator and high concentrate dopant is doped within 
this area 7. The dopant area 7 is hatched in the figure. 

Because a core diameter 2a2 is very small in the single mode 
fiber, energy of the optical signal propagates centering on the 



7, 7 • 
9, 9' 
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core 6 while actually overflowing even to part of the clad 8 at 
the outer periphery of the core 6. The range in which the large 
part of the energy is contained is a mode field 9 part which 
substantially contributes to the transmission of the optical 
signals and may be found qualitatively by a method explained later 
by using Equation 1. It is noted that it is the same even in 
the step-index type fiber or in the graded-index type fiber. In 
the optical fiber 5 shown in FIG. 1, the diameter of the mode 
field 9 is denoted as 2©, the diameter of the dopant area 7 as 
2ai and the diameter of the core 6 as 2a2. The difference between 
the maximum refractive index around the axial core of the core 
6 and the refractive index of the clad 8 part is denoted as A2 
and the difference between the maximum refractive index of the 
outer peripheral part 6b (outer core) of the core 6 and the 
refractive index of the clad 8 part as Al . 

Such dopants contained in the optical fiber 5 to attenuate 
the optical signals will be explained here. FIGs. 3a and 3b are 
graphs showing the relationship between wavelength and loss of 
various dopants. The vertical axis of the graph represents the 
wavelength in nanometer [nm] and the vertical axis represents 
the optical attenuance in [dB/km] . Transition metal or 
rare-earth metal dopant is normally used for optical fibers for 
communications. They may be used by mixing one or two or more, 
respectively. In FIG. 3a, (1) denotes the characteristics of 
manganese Mn, (2) nickel Ni, (3) chrome Cr, (4) vanadium V, (5) 



11 



cobalt Co, (6) iron Fe, and (7) copper Cu. In FIG. 3b, (8) 
represents the characteristics of samarium Sm and (9) thulium 
Tm. 

The first embodiment of the inventive optical attenuator 
uses the dopant which attenuates transmitted light more when the 
wavelength of the optical signal is longer. When the wavelength 
to be used in this optical attenuator is around 1.5 p.m to 1.6 
]im for example, it can be seen from FIG. 3a that cobalt Co is 
suited as the dopant. 

FIG. 4 shows the optical signal power distribution when 
cobalt Co is used as the dopant and the dopant is contained in 
the area as shown in FIG. 1. The vertical axis of FIG. 4 
represents the output power and the horizontal axis represents 
the position of the fiber in the radial direction. Kl in FIG. 
4 is power distribution in the radial direction when an optical 
signal of 1.5 pm of wavelength is transmitted through the optical 
fiber. A curve K2 represents the power distribution of an 
optical signal of 1.6 \im. 

Table 1 shows the difference of mode field diameter 
(hereinafter referred to as "MFD") corresponding to the 
respective wavelengths XI and 12 in each fiber when the respective 
wavelengths A,l = 1.50 pm and X2 = 1.60 \im are inputted to the 
fiber having the structure of the first embodiment of ■ the 
inventive optical attenuator shown in FIG. 4 and to the normal 
step index type fiber. 
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Table 1 





Difference (pm) of mode field diameter 
of 1.50 pm and 1.60 pm 


Embodiment 


0.52 


Step index 


0.25 



This shows that the difference of MFD of the inventive fiber 
caused by the difference of waveleneghs is large (wavelength 
dependency is large) . 

Then, when cobalt Co is contained concentratedly to the 
axial core part of the core, the longer the wavelength of a signal, 
the less the rate of the part influenced by the attenuation seen 
from the whole signal energy becomes. 

This means that it cancels the wavelength dependency of the 
optical attenuance of the dopant member. 

As a result, the optical signals of short and long 
wavelengths whose difference of wavelength is small attenuate 
in the same degree in this attenuator as a whole. 

In case of the conventional step index type fiber, the 
concentration of dopant has become high and it has caused a 
serious production problem as a result when it is designed so 
as to show the same degree of attenuation with the first 
embodiment described above because the dopant area of cobalt Co 
must be narrowed because the wavelength dependency of the optical 
attenuance of the MFD is small. 

A concrete example will be shown below with reference to 
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Equation 1. Equation 1 shows methods for calculating the 
attenuance a of the optical fiber and the mode field diameter 

(0. 
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Expression 1 



Attenuance a 


f ac„A(r)P(r)rdr 

a = p ... Equation (1) 

J P(r)rdr 

a: attenuance per 1 cm 

r: coordinate of fiber in radial direction 
A(r): concentration of Co in radial direction 
aCo: coefficient of absorbency of Co 

A, - 1.50 pm -> 5.19 X 10-3 dB/cm-ppm-i 
A, = 1. 60 urn -> 5. 95 X 10-3 dB/cm-ppm-i- 
P{r): optical power distribution in radial 
direction 


Mode Field 
Diameter © 


r fp^(r)r^dr 

20) = 2 2 ^ 

1 P^(r)rdr 

P (r) : optical p 

direction 

r: coordinate of 


2 

... Equation (2) 
)ower distribution in radial 
fiber in radial direction 



As shown in Equation (1), the attenuance a of the optical 
signal in the optical fiber may be found from the power 
distribution P(r) of the optical signal in the radial direction 
and the distribution of concentration of cobalt , i.e., the dopant . 
The mode field diameter co may be found from Equation (2) . 



The ratio (al/a2) of the area in which the graded-index type 
is adopted as the profile containing cobalt Co to the core 
diameter approaches to the step index type when it is too large 
or too small and the wavelength dependency of the mode field 
diameter co approaches to the step index type. When the ratio 
(al/a2) is small, although the wavelength dependency of the 
attenuance a becomes small because the dopant area of cobalt Co 
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becomes small even when the wavelength dependency of the mode 
field diameter co is small, there have been problems such as an 
increase of doped amount of cobalt Co and an increase of 
processing steps. Here, a result of using al/a2 = 0.5 is shown. 

FIG. 5 is a graph representing the ratio of difference of 
refractive index A1/A2 by the horizontal axis and the difference 
of loss (attenuance) at 1.50 jam and 1.60 pm when the attenuance 
at 1.55 ]im is 10 dB by the vertical axis. It can be seen from 
FIG. 5 that the greater the ratio A1/A2, the wider the difference 
of the attenuance at 1.50 pm and 1.60 |ini becomes . The wavelength 
dependency of attenuance of the dopant member may be canceled 
by this value. 

It is noted that Table 2 shows the structural 
characteristics of the fiber of A1/A2 = 0.75, whose wavelength 
dependency is small, as shown in FIG. 5 . Al/A2is not 0 . 35 because 
it shows the practical fiber structure in which bending loss and 
others are taken into account. 

FIG. 6 is a graph showing the attenuance with respect to 
the wavelength of the fiber in Table 2. The wavelength 
dependency is lessened by doping cobalt Co to the center part 
of the core of the optical attenuator and by adopting the 



graded-index type as 


the profile. 






Table 2 














Core 


al/a2 


A1/A2 


MFD 


MFD 
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Diameter 






(1.50 vim) 


(1.60 urn) 


Embodiment 


7 . 4 


0.5 


0.5 


9. 15 


9. 67 


Step-Index 


9.5 ]jm 


0.5 


0.5 


9.26 


9. 51 



This sample has been set so that the whole distribution of 
concentration of cobalt becomes fixed within the range in which 
cobalt Co is contained. The attenuance of the optical fiber has 
been set so that it becomes 10 dB/m. As a result^. Al/A2= 0.35 
and the wavelength dependency was eliminated when al/a2 = 0.5. 
The wavelength independent optical attenuator may be obtained 
by increasing A1/A2 when al/a2 becomes large and by decreasing 
A1/A2 when al/a2 becomes small. 

The dopant which attenuates transmitted light more when the 
wavelength of the optical signal is longer has been used at the 
part 6a (center core) close to the axial core of the core 6 of 
the optical fiber 5 in the first embodiment described above. 
Meanwhile, dopant which attenuates transmitted light more when 
the wavelength of the optical signal is shorter may be also used 
by changing the area where the dopant is doped. For instance, 
vanadium V of (4) and the like may be cited in the example of 
FIG. 3a. 

FIG. 7 shows a second embodiment of the inventive optical 
attenuator using the dopant which attenuates transmitted light 
more when the wavelength of the optical signal is shorter. In 
the second embodiment, a dopant containing area 7' is created 
by containing the dopant which attenuates the transmitted light 
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more when the wavelength of the optical signal is shorter at a 
part 6b (outer core) of a core 6' except of the diameter in which 
the refractive index profile is set as the graded-index type. 
In this case, the longer the wavelength of the optical signal 
whose power distribution extends in the radial direction of the 
optical fiber 5', the more it is influenced by the dopant. 

Thus, the optical attenuation characteristics of the 
inventive optical attenuator to the optical signal of wavelength 
within a certain range may be almost equalized by increasing the 
wavelength dependency of the mode fields 9 and 9' which 
substantially contribute to the transmission of optical signal 
of the single mode optical fiber by controlling the refractive 
index profile, by adequately selecting the distribution of 
concentration of dopant by seeing within the transverse section 
of the cores 6 and 6' of the optical fibers 5 and 5' and by using 
the dopant whose transmitted light attenuating characteristics 
depends on the wavelength of optical signal. It is noted that 
although the dopant is doped only to the axial core part 6a of 
the core 6 or to the peripheral part 6b of the core 6 in the 
embodiments described above, it is possible to apply appropriate 
distribution of concentration. Also, it is not necessary to 
obtain the uniform characteristics to all wavelengths of optical 
signals and it is possible to set a containing range so that a 
certain attenuance may be obtained per each range for optical 
signals of several ranges. 



The first and second embodiments have the structure 
effective in obtaining almost the same attenuance to one having 
the small difference of wavelengths of optical signals of two 
different kinds of wavelengths to be inputted. 

Next, a third embodiment of the inventive optical 
attenuator will be explained. 

The refractive index profile around the axial core of the 
core of the single mode fiber is the same with those of the first 
and second embodiments described above. 

The part which is different is that the wavelength 
dependency of the MFD is increased by doping a member which 
attenuates transmitted light when the wavelength is short, e.g. 
samarium Sm shown by (8) in FIG. 3b, as the dopant member to be 
doped in the axial core part and by adjusting the ratio of the 
diameter at the part where the refractive index of the axial core 
part is set as the graded-index type and the core diameter. 

FIG. 8 is a graph showing the attenuance with respect to 
wavelength when samarium Sm is doped in the whole core and when 
samarium Sm is doped only in the axial core. It can be seen from 
the graph that the attenuance is great when samarium is doped 
only to the axial core between 1530 nm to 1550 nm. 

The shorter the wavelength, the greater the optical signal 
attenuates when two kinds of optical signals having different 
wavelengths are inputted, a great attenuance may be obtained 
without reducing the center core diameter more than one required 
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and without increasing the dopant concentration by constructing 
as described above. 

Accordingly, this construction is very effective in 
increasing the difference of attenuance of those optical signals 
by inputting the two kinds of optical signals having different 
wavelengths . 

Next, a fourth embodiment of the inventive optical 
attenuator will be explained. 

The refractive index profile around the axial core of the 
core of the single mode fiber is the same with those of the first 
and second embodiments described above. 

What is different is that the wavelength dependency of the 
MFD is increased by doping the member which attenuates 
transmitted light more when its wavelength is longer, e.g., 
cobalt Co, at the part of core around the diameter where the 
refractive index profile of the axial core part is set as the 
graded-index type and by adjusting the ratio of the diameter of 
the part where the refractive index of the axial core part is 
set as the graded-index type and the core diameter. 

FIG. 9 is a graph showing the attenuance with respect to 
wavelength when cobalt Co is doped to the whole core and when 
cobalt Co is doped only to the outer periphery of the core. It 
can be seen from the figure that the attenuance of one in which 
Co is doped only to the outer periphery of the core is greater 
between 1560 nm to 1570 nm. 
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The longer the wavelength, the greater the optical signal 
attenuates when two kinds of optical signals having different 
wavelengths are inputted, a great attenuance may be obtained 
without increasing the dopant concentration more than what is 
required by constructing as described above. 

Accordingly, this construction is very effective in 
increasing the difference of attenuance of those optical signals 
by inputting the two kinds of optical signals having different 
wavelengths . 

INDUSTRIAL APPLICABILITY 

As it is apparent from the above description, according to 
the inventive optical attenuator, it is possible to fix the 
optical attenuance for optical signals having different 
wavelengths which are very close by arranging the optical 
attenuator which allows the doping range to be realized while 
suppressing the dopant concentration relatively low. 

Further, according to the inventive optical attenuator, it 
is possible to increase the difference of optical attenuance as 
much as possible while having the realistic dopant concentration 
and doping area range in the state in which each characteristic 
of the optical fiber is stabilized for optical signals having 
different wavelengths. 

In particular, it is possible to equalize the attenuance 
of different wavelengths by increasing the wavelength dependency 
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of the MFD by adjusting the ratio of the diameter and the core 
diameter by increasing the refractive index around the axial core 
within the core as compared to the peripheral part of the core 
and by doping the dopant member which attenuates signals having 
longer wavelength more for example concentratedly within the 
diameter in which the refractive index around the axial core of 
the core is increased as compared to the peripheral part of the 
core to cancel the attenuance wavelength dependency of the dopant 
member . 

Further, it becomes effective means in equalizing the 
attenuance of optical signals having a small difference of 
wavelengths by concentratedly doping the dopant member which 
attenuates more when its wavelength is short within the core 
except of the diameter in which the refractive index around the 
axial core within the core is increased as compared to the 
peripheral part of the core. 

Still more, it is possible to increase the difference of 
attenuance caused by the difference of wavelengths by increasing 
the wavelength dependency of the MFD by adjusting the ratio of 
the diameter constructed such that the refractive index around 
the axial core within the core is increased as compared to the 
peripheral part of the core and the core diameter, by doping the 
dopant member which attenuates more when the wavelength is short 
concentratedly within the diameter in which the refractive index 
at the center part within the core is increased as compared to 
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the peripheral part of the core and by increasing the wavelength 
dependency of attenuance of the dopant member. 

Moreover, it becomes very effective means in realizing the 
increase of attenuance of optical signals by the difference of 
the wavelengths without reducing the MFD more than what is 
required and without concentrating also the dopant concentration 
more than what is required by doping the dopant member which 
attenuates more when the wavelength is longer within the core 
except of the diameter in which the refractive index at the center 
part of the core around the axial core of the core is increased 
as compared to the peripheral part of the core. 
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CLAIMS 

1. An optical attenuator characterized in that the 
refractive index at the center part of a core of a single mode 
optical fiber is raised as compared to that of the peripheral 
part of the core. 

2. The optical attenuator as described in Claim 1, 
characterized in that the wavelength dependency of the mode field 
is increased by adopting one selected from a group containing 
a graded-index type, parabolic shape, triangular wave shape, 
square wave shape and trapezoidal wave shape as the distribution 
of refractive index of said core. 

3. An optical attenuator containing dopant which 
attenuates transmitted light more when its wavelength is longer 
in a signal mode optical fiber, characterized in that the dopant 
area is limited at the center part of the core and that the 
refractive index at the center part of said core is raised as 
compared to that of the peripheral part of said core. 

4. The optical attenuator as described in Claim 3, 
characterized in that one selected from a group containing a 
graded-index type, parabolic shape, triangular wave shape, 
square wave shape and trapezoidal wave shape is adopted as the 
distribution of refractive index of said dopant area. 

5. An optical attenuator containing dopant which 
attenuates transmitted light more when its wavelength is longer 
in a signal mode optical fiber, characterized in that the dopant 
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area is limited to the peripheral part of the core and that the 
refractive index at the center part of said core containing no 
dopant is raised as compared to that of the peripheral part of 
said core. 

6. The optical attenuator as described in Claim 5, 
characterized in that one selected from a group containing a 
graded-index type, parabolic shape, triangular wave shape, 
square wave shape and trapezoidal wave shape is adopted as the 
refractive index profile at the center part of said core where 
no dopant is contained. 

7 . An optical attenuator containing dopant which 
attenuates transmitted light more when its wavelength is shorter 
in a signal mode optical fiber, characterized in that the dopant 
area is limited to the center part of the core and that the 
refractive index at the center part of said core is raised as 
compared to that of the peripheral part of said core. 

8. The optical attenuator as described in Claim 7, 
characterized in that one selected from a group containing a 
graded-index type, parabolic shape, triangular wave shape, 
square wave shape and trapezoidal wave shape is adopted as the 
distribution of refractive index of said dopant area. 

9. An optical attenuator containing dopant which 
attenuates transmitted light more when its wavelength is longer 
into a signal mode optical fiber, characterized in that the dopant 
area is limited to the peripheral part of the core and that the 
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refractive index at the center part of said core is raised as 
compared to that of the peripheral part of said core. 

10. The optical attenuator as described in Claim 9, 
characterized in that one selected from a group containing a 
graded-index type, parabolic shape, triangular wave shape, 
square wave shape and trapezoidal wave shape is adopted as the 
refractive index profile at said dopant area. 
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ABSTRACT 

There is provided an optical attenuator which provides 
almost the same degree of attenuance even when the difference 
of wavelength of two different kinds of input optical signals 
is small. Further, an optical attenuator is realized with dopant 
concentration in the technically realizable range in increasing 
the difference of optical attenuance of two different kinds of 
input optical signals. 

Firstly, almost the same degree of attenuance may be 
obtained even when the difference of wavelengths is small by 
canceling the wavelength dependency of attenuance of the dopant 
by increasing the wavelength dependency of the mode field by 
raising the refractive index of an optical fiber 5 around an axial 
core 6a within a core 6 area as compared to that of a peripheral 
part 6b of the core and by taking into account the type and area 
of the dopant member to be doped and the ratio of the difference 
A2 between the refractive indexes of the clad and the axial core 
and the difference Al between the refractive index of the clad 
and the refractive index of the other part, i.e., A1/A2. 
Secondly, the difference of attenuances is increased while 
suppressing the concentration of dopant to the realizable range. 
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1 hereby claim forrign priori ly beucfits under Tiife 35, Uniicd Stales Code, Sec. 1 1% of any 
foreign applicalioTi(s) for patent nr inventor's ccrrificflie lUied below und have also itlenufied 
below any foreign appKcaiion for paten! of inventors certificate hiamt a fiKnS *laie before rtioi 
or the applicMion o» which prioHly is claimed: 

i I no such applications have been filed 

{X\ such applications have tKcn filed as follows. 

Prior Foreign Application(s> 

11-300608 lapan 22 00X1999 [X] [1 

(Numhcr) (CounU^) (day/momh/yfcar filed) Yes No 

n 11 

(Number) (Country) (day/month/yeiir filed) Yes No 

I hereby claim ihe benefit under Title 35. United Stales Code, Sec. 120 of any United Slates 
ttppllca«on(s) Hsicd bclow» and insofur u the sybjcci matter of each of xhc clauns of this 
appHcaiion is ndi discloifBd in the prior United States appIicuUon in the matincr prtividcd by llw 
nnii paragraph of Title 35. United Siaics Code, -Sec. 1 12, 1 ftCkftowlcdge ihe duty to dUclose all 
information known to be maierii^l lo paieni»*iliTy as defined in TiUo 37, Code of Federal 
T2egulations, Sec. 1.56 which became available between the filing, date of the prior applicaiion 
and the naiional or PCT inicmalional filing daic of this applicaiion: 



(AppHcaiion Serial No.) (Filing Date) (patented, pending, abandoned) 

(Application Serial No.) (Filing Dale) (patented, pending, abandoned) 

POWER OF ATTORNEY: As a nanned inventor, 1 hereby aj^int the following aUomcy(5) 
and/or agents to pro^ecuie this applicaiion and transaci all business in ihc Paifini and Trademark 
Office connected therewith. 

\ George A- T^ud, Reg. No.^5JU4 

^ Anthony M. Lorusso, Reg. No. 25.059 

Send conxtspondonce to: Direct Telephone calls to; 

.1 1,17 Mount Vcrnone^vcmu:,- George A. Lood 

Alexandria.>A^305 (703) 739-9393 
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rQMBtiWFD DRqLAgATrQi>r Af^D POWER OF ATTORNPY 
As a below mm&i invenlor, 1 hereby declare Ui9(: 
This declaraiion is of the following type: 

[X] onginsil 

I f design 

I I supplemental 

IX J national siuge of PCT ^ 

I {divtsiotial 

[ 3 continuatidft " 

[ ] coniinuuiitm-in-pan (CIP) 

My residence, posi omce iidc^eHis and citizenship aiic as stated next lo my aamc. 

I believe I am ihe t)rigtniti, fiT^t and sole inventor (if only one n&me is listed below) or un 
original, first and jolni invcmor (if plural nvmsi are listed below) of the subject maitcr which is 
claimed Ajr and for which u patent is sought on tha in veniion entitled: • 

OFl'ICAL ATTENIJATQK _^ 

the jipeciftcalion of which 

[X( is amichcd hereto 

[ j was nied m , as Application Serial n<i. and was amended <m 

f X] was described and claimed in PCT Intematioiuil ApplicMit>n Na. PCT/JPOO/072^0 Hied on 

Ociober 18, iOOO and as amended under PCT Article 19 on (if 

uny). 

I hereby 5iarc ihm I have reviewed iind undemand the cunienis of ihc ^soveideniified 
spcciflcalion, including The claims, as amended by any Amondmwii neferred lo above. 

I acknowledge duly to disclose infor/naiion which Is maieiial fo pateniabiiity as defined in Title 
37. Code of ffederal Regul3*tions, Sec. 1 .56> 

I I In compliance with this du^ thcfcis attached un information disclosure siatement. 37 CER 

1.97. 



I hereby declare all statcmoncs made herein of my y wr» knftwfedge are wit arti lhai ali siaiemenis 
maae on informauon and belief arc believed to be tfue; and further that these siaumenis wore 
made wiih knowtedgc thai wiUful false siaicmenls and ihc like so made arc punishable by fitie or 
iinprisoomcnt, or both, under Section lOOi of Tir)<5 18 of the United Slates Code and Uiat such 
willful fulse smtcmetits may jeopardize ihc validiiy of the application or any paiem issutsd 
ihcreon. . /h 



hull omc of viOfe or first limatdr Jfe aru^WATAN AM 



Re..idei,ce ryn SHQV/AELE r rftrr WIRE & CABLE CO.. LTD I--UOdasakac ^-ghc^ ffig, 

Kftwasft|(kku, Kawasaki-shi- Kanagawa- ken, 2l0-0a43. lssrii:R'^T^ ..j^.( ^ 

Citizenship H^m ., , ■ 



Posr Office Address 5;|im& as above 



Full name of second joini invgntor/#ani(_fiia MAJgg)[AM,/V- 



0) 



Tnvcnior'5 signaturc "t^^' hjiJ2kU.^^^^Sdi:^ iHB^ ^^^^ fixate) 

Residence c/a SUOWA EL E CTRIC WIRE & CABLE CO., LTD.. l j) . Oaitsak«p Z- gho"»c. 
!Cawasaki>)cu. Kiiwu^ki-shi. Kanapawa-4ca i- 2104)843. JaflaTi^^^r ^ — 

Cilizcnship iapan ... — — i— . — 

?i>s! Office Address Same aa abo ve . 

ifu^ .... 



Fu]J nainc of ihird joiftt invcnior, 

Inventor's signature ^___^J^^ _June^21, 2001^ ^aie) 

Residence SHOWA ELECTR | p WTRF, ^ CABLE CO.. LTD..i^/Odasttka <L2-chtnDe. 

icaw«sak.%ku. K jiw^iu^^^ Kanagitwa-kgn. 210-0843. Japan £ 5 — 

Qiiicnshlp la pan „ _ — _ — _ . — — 
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Full name of founh jomt cflvaiior, if auy Yujchi MURAKAMI 
Inventor's signalure , . ^aJ^^J^ <^Aj^^kr..^^'. June 21,2001 (Date) 



Residence da SKOWA fiLECTRTC WIRE &_CABUB CO.,_L' 



yaw'^rdd-ku.y awayat^^h'i. Kanagawa-ken. 21{M)843, J apan ^^r7 
Cilizenship ^a pan 
Post Office Addrcsx Same as above 
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Whtot's signaiurts lls^ujJu %uitL i^ne 21 . 2001 (Rate) 

Residence c/o SHQWA EtJRCTRIC VVIRE &CABI.K CO.. LIU, f >UOdasakafc 2-chome. 
Kawasaki->u. KawagakU Kanagawa-ken. 1H)-0S»3. Janan £ 

Ciiircflship Jj\gan 

JPosi Office A<Wrcss S&mcjS-above . 



Full name of sixth joinimwentor, if ai/ v Tovotniisu Y AMAMOTO 



Ju ne 21. 2001 ^Date) 
chomo. 



Radcknce e/o SHQWA KLECTRlC WtRE & CABLE C O.. ITDy t Odasakae 2.. 

Kawft,vHki-ku. ^HWaaakj-shi. Kfl»|j|gjpfM^^ Japan yJJA 
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